Objective: Type 2 diabetes is accompanied by increased mortality from coronary artery disease (CAD), but the mechanisms linking these conditions remain elusive. Hence, treatment of hyperglycaemia alone is not sufficient to avoid CAD in diabetes. Alternative views suggest that metabolic and vascular diseases share unifying cellular defects that could serve as targets for novel therapeutic strategies. Recently, a variant [single-nucleotide polymorphism (SNP); rs11212617] near the gene for ataxia telangiectasia mutated (ATM) has been associated with glycaemic response to metformin. Materials and methods: We determined rs11212617 in 240 male patients who underwent elective coronary angiography. Results: While the variant was not associated with glucose concentrations, the A allele was significantly associated with the presence of CAD (chi-square, p = 0.003), as well as with logarithmically transformed quantitative CAD indices [severe score (SS): 0.5 (0.4-0.6) vs 0.3 (0.2-0.5); extent score (ES): 2.63 (2.4-2.9) vs 1.94 (1.4-2.4), both p < 0.05, respectively]. Multivariate analysis revealed an independent association between the A allele with ES (β = 0.17, p < 0.01). Conclusion: Our data suggest that ATM-dependent signalling might play a role in the development of atherosclerotic vascular disease, but larger studies are necessary to substantiate such a hypothesis.
Introduction
Type 2 diabetes represents a major challenge to health care because the numbers of affected individuals are on the rise not only in industrialised countries, and its micro-and macro-vascular complications can cause blindness, renal failure, amputations and increased cardiovascular morbidity and mortality. 1 Although type 2 diabetes is diagnosed by elevated blood glucose concentration, targeting hyperglycaemia as such has surprisingly yielded little to no benefit in reducing diabetic complications or even mortality. 2 Therefore, the apparent incomplete understanding of the disease pathophysiology has led to the search for alternative clues tying different chronic conditions by unifying cellular mechanisms. Recently, an association between the C allele of the rs11212617 variant near the gene for ataxia telangiectasia mutated (ATM) has been demonstrated to affect the treatment response to metformin in human diabetes, possibly through modulating the activation of adenosine monophosphate-activated protein kinase (AMPK) by metformin. 3 ATM is a protein kinase that responds to DNA damage by phosphorylation of p53 and other targets but is also involved in insulin signalling. 4 Previous data showed that heterozygous mutations in ATM (up to 1.4%-2% of the general population) can lead to higher mortality and earlier death from coronary artery disease (CAD). 5 The aim of our study was to test for an association between the rs11212617 near the ATM gene with CAD in men undergoing coronary angiography.
Materials and methods
A total of 253 men, ages from 58 to 86 years, were recruited from the University Hospital Heidelberg. All individuals had diagnosed or suspected CAD and underwent elective coronary angiography. The presence, severity and the extent of CAD were assessed as described previously. 6 Patient characteristics and biochemical parameters were determined in a standard clinical research setting as described. 6 In all, 242 patients were enrolled and genotyped for the polymorphism at the locus near the ATM gene (rs11212617) using a TaqMan assay according to the manufacturer's protocol (Life Science Technologies, Darmstadt, Germany). From 11 patients, DNA, serum or other essential information was missing. The study was approved by the Ethics Committee of the University of Heidelberg, and all participants gave written consent to the study. Statistical methods comprised chi-square test, comparisons of means by t-tests and analysis of variance (ANOVA) using logarithmic transformation of non-parametric parameters, followed by post hoc testing against the one group as baseline, as well as multivariate regression analyses, including analysis of covariance (ANCOVA) according to the general linear model using logarithmically transformed parameters. Data are expressed as mean ± 95% confidence interval (CI), on logarithmic scale where appropriate. Statistical analyses were performed using SPSS, release 19 (IBM SPSS Statistics, Chicago, IL, USA).
Results
The allele frequencies were 0.52 for the A allele and 0.48 for the C allele with 114 heterozygous subjects (CA). The allele frequencies were in accordance with the Hardy-Weinberg equilibrium (chi-square, p = 0.81). The characteristics of the study population according to the genotype are displayed in Table 1 . Because the minor allele (C allele) occurred in nearly 50% of the subjects, we decided to employ a general model at first instance with genotype-based testing which treats the three genotypes as separate categories, leaving an additional degree of freedom as compared to weigh out a dominant or recessive model.
Previous results suggested an association of the C allele of the rs11212617 variant near the ATM locus with a beneficial effect on HbA1c-lowering potential and a lower HbA1c when analysed in a quantitative trait. 3 Although the effect on glucose-lowering potential could not be assessed in our cross-sectional cohort, we did not find a significant association between the rs11212617 variant and glucose concentration (data not shown). In contrast, we found a significant higher frequency of CAD presence among carriers of the A allele (p = 0.003 by chi-square test of independence). This association was further substantiated by significant higher logarithmically transformed quantitative CAD indices in presence of the A allele [severe score (SS): 0.5 (0.4-0.6) vs 0.3 (0.2-0.5); extent score (ES): 2.63 (2.4-2.9) vs 1.94 (1.4-2.4), both p < 0.05, respectively] and by an association between the mere A allele presence and the logarithmically transformed markers of CAD (Table 1) .
Being aware of the fact that the associations were consistent but modest, we tested for independent effects employing a multivariate regression analysis using ES as dependent variable and several demographic and metabolic parameters known to be associated with atherosclerosis as confounding factors [age, body mass index (BMI), lipid and fasting glucose levels, smoking, previous myocardial infarction, hypertension and statin use]. The results revealed an independent association between the A allele and ES of CAD (β = 0.17, p < 0.01; Table 2 ) with an effect size at least equally powerful as compared to the influence of low-density lipoprotein (LDL) cholesterol or hypertension. Equal results were obtained for SS in multivariate analysis (data not shown). The distribution of CAD ES and SS (Table 1) suggested testing for a dominant model for AA/CA versus CC. This comparison yielded a nearly significant difference in SS of CAD [0.34 (0.2-0.4) vs 0.5 (0.4-0.5), p = 0.06] and a significant difference of ES [1.9 (1.48-2.32) versus 2.6 (2.31-2.79), p = 0.01] in an ANCOVA of logarithmically transformed scores according to the general linear model using the same confounding variables as indicated above.
Conclusion
The pathogenesis and pathophysiology of type 2 diabetes and its complications are despite the pandemic dimension of diabetes incompletely understood, 1 hence the contribution of isolated hyperglycaemia and/or its correction to CAD is not clear. 2 Targeting a cluster of different risk factors at a time, which account for the so-called metabolic syndrome, seems to be more effective in reducing vascular disease. The question becomes, however, whether these metabolic syndrome components are disparate or share a unifying, yet unknown underlying mechanism, 7 following Barabasi's basic concept of complex cellular networks underlying genotype-to-genotype relationships. 8 The report on the association between the variant rs11212617 near the ATM gene and metformin treatment response suggests the participation of ATM, a DNA repair enzyme, in metabolic diseases. 3 While this finding is seemingly unexpected, links between DNA-damage response and metabolic or vascular diseases in mice have been published before. 9, 10 These data prompted us to study the potential influence of this variant on CAD in humans. Our data show a significant correlation between the A allele of rs11212617 and SS and ES in men. This association was independent of other potential confounding factors in a multivariate analysis (Table 2 ). Our results may actually corroborate a proposed beneficial effect of the C allele of rs11212617 on metformin's effect on lowering HbA1c, 3 by a possibly accompanied beneficial effect on vascular disease, but this hypothesis is very speculative and lacks a mechanistic explanation. However, besides an effect of the ATM kinase on AMPK activity, 3 other modes of action also qualify for an ATMmediated influence on metabolic vascular disease, including the involvement of reactive oxygen species (oxidative stress) and other stress-related signalling. 11 In fact, it seems that various effects differentially regulate/modulate the effects that link ATM to metabolic vascular diseases. 12 Our study suffers from limitations such as the moderate subject number of males only and the lack of haplotype genotypic data. However, a recent study corroborates our findings. The authors showed a significant correlation between functional polymorphism (rs189037) in the ATM promoter region, with lower ATM expression associated with the degree of CAD as well as with diabetes mellitus prevalence in the Chinese cohort. 13 In conclusion, the rs11212617 variant near the ATM gene is associated with CAD in men, which suggests that ATM activity may be associated with cardiovascular disease by complex underlying mechanistic network. The observed association and the missing underlying explanation warrant further basic research efforts and epidemiological evidence.
